EP 3 343 995 A1

Patent Office

s et (11) EP 3 343 995 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(1 9) ’ e "llmlmllHH||m||‘||mllHm|‘|||HHl‘l“”lml“l“‘"H‘mll‘
Patentamt
0 European

(43) Date of publication: (51 IntCl.:
04.07.2018 Bulletin 2018/27 HO4W 72/12 (2009.01) HO4W 28/02 (2009.07)
HO4W 72/04 (2009:01) HO4W 72/10 (2009.01)

(21) Application number: 16839613.3
(86) International application number:

(22) Date of filing: 24.08.2016 PCT/KR2016/009398

(87) International publication number:
WO 2017/034324 (02.03.2017 Gazette 2017/09)

(84) Designated Contracting States: (71) Applicant: LG Electronics Inc.
AL AT BE BG CH CY CZDE DK EE ES FI FRGB Yeongdeungpo-gu
GRHRHUIEISITLILT LULV MC MK MT NL NO Seoul 07336 (KR)

PL PT RO RS SE SI SK SM TR

Designated Extension States: (72) Inventors:

BA ME * LEE, Seungmin
Designated Validation States: Seoul 06772 (KR)
MA MD * SEO, Hanbyul

Seoul 06772 (KR)

(30) Priority: 24.08.2015 US 201562209307 P

(74) Representative: Cabinet Plasseraud
66, rue de la Chaussée d’Antin
75440 Paris Cedex 09 (FR)

(54) METHOD FOR TRANSRECEIVING V2X SIGNAL OF TERMINAL IN WIRELESS
COMMUNICATION SYSTEM, AND TERMINAL USING THE METHOD

(57) Provided are a method for transreceiving a ve- figured to a first area and a second area; and transre-
hicle-to-everything (V2X) signal of a terminalin a wireless ceiving V2X data through a second carrier configured to
communication system, and a terminal apparatus using the first area or a third carrier configured to the second
the method. The method comprises: transreceiving a area.

V2X control signal through a first carrier commonly con-

FIG. 7

transmit/receive V2X control signal (and/or
V2X data) through first carrier configured
commonly in first region and second region

!

transmit/receive V2X data through second
carrier configured in first region or
third carrier configured in second region

—S110

——S5120

END

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 343 995 A1 2

Description
BACKGROUND OF THE INVENTION

Field of the invention

[0001] The present invention relates to wireless com-
munication, and more particularly, to a method of trans-
mitting/receiving a vehicle-to-everything (V2X) signal of
a terminal in a wireless communication system, and the
terminal using the method.

Related Art

[0002] In International Telecommunication Union Ra-
diocommunication sector (ITU-R), a standardization task
for International Mobile Telecommunication (IMT)-Ad-
vanced, that is, the next-generation mobile communica-
tion system since the third generation, is in progress.
IMT-Advanced sets its goal to support Internet Protocol
(IP)-based multimedia services at a data transfer rate of
1 Gbps in the stop and slow-speed moving state and of
100 Mbps in the fast-speed moving state.

[0003] For example, 3" Generation Partnership
Project (3GPP) is a system standard to satisfy the re-
quirements of IMT-Advanced and is preparing for LTE-
Advanced improved from Long Term Evolution (LTE)
based on Orthogonal Frequency Division Multiple Ac-
cess (OFDMA)/Single Carrier-Frequency Division Multi-
ple Access (SC-FDMA) transmission schemes. LTE-Ad-
vanced is one of strong candidates for IMT-Advanced.
[0004] There is a growing interest in a Device-to-De-
vice (D22) technology in which devices perform direct
communication. In particular, D2D has been in the spot-
light as a communication technology for a public safety
network. A commercial communication network is rapidly
changing to LTE, but the current public safety network is
basically based on the 2G technology in terms of a col-
lision problem with existing communication standards
and a cost. Such a technology gap and a need for im-
proved services are leading to efforts to improve the pub-
lic safety network.

[0005] The public safety network has higher service
requirements (reliability and security) than the commer-
cial communication network. In particular, if coverage of
cellular communication is not affected or available, the
public safety network also requires direct communication
between devices, that is, D2D operation.

[0006] D2D operation may have various advantages
in that it is communication between devices in proximity.
For example, D2D UE has a high transfer rate and a low
delay and may perform data communication. Further-
more, in D2D operation, traffic concentrated on a base
station can be distributed. If D2D UE plays the role of a
relay, it may also play the role of extending coverage of
a base station.

[0007] Meanwhile, the D2D operation may also apply
to vehicle-to-everything (V2X). The V2X collectively re-
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fers to communication techniques using a vehicle and all
interfaces. A type of the V2X may be various such as
vehicle-to-vehicle (V2V), vehicle-to-infrastructure (V2I),
vehicle-to-person (V2P), vehicle-to-network (V2N), or
the like.

[0008] The V2X communication may be performed in
a single carrier, and may be performed in a plurality of
carriers. In addition, a plurality of carriers different from
each other may be configured for V2X communication in
adjacent regions. In this case, if a user equipment (UE)
enters a second region while performing V2X communi-
cationin afirstregion, since a configured carrier changes,
it may be necessary to switch a transmission (TX) chain
or reception (RX) chain of a signal to transmit/receive the
signal on the carrier. A certain period of time is required
for switching of the signal TX/RX chain (or carrier switch-
ing), which may lead to a problem in continuity of V2X
communication.

[0009] In addition, it may be ineffective to allow a UE
located in proximity to a boundary of the first region and
the second region to perform V2X communication by us-
ing only a carrier configured in the first region, for exam-
ple, for a reason that it is located in the first region. For
example, it may be ineffective to use only a carrier of the
first region despite that the carrier of the first region is
significantly congested or frequently collides.

[0010] There is a need for a method and apparatus
capable of effectively transmitting/receiving a V2X signal
in a multiple-carrier environment.

SUMMARY OF THE INVENTION

[0011] The present invention provides a method of
transmitting/receiving a vehicle-to-everything (V2X) sig-
nal of a terminal in a wireless communication system,
and the terminal using the method.

[0012] In one aspect, provided is a method of trans-
mitting/receiving a vehicle-to-everything (V2X) signal of
a terminal in a wireless communication system. The
methodincludes transmitting/receiving a V2X control sig-
nal through a first carrier configured commonly in a first
region and a second region and transmitting/receiving
V2X data through a second carrier configured in the first
region and a third carrier configured in the second region.
[0013] The first region and the second region may be
adjacent different geographical regions.

[0014] The first carrier may be a carrier configured to
allow both the V2X control signal TX/RX and the V2X
data TX/RX.

[0015] Each of the second carrier and the third carrier
may be a carrier configured to allow only the V2X data
TX/RX.

[0016] The terminal may be a terminal located at a
boundary of the first region and the second region.
[0017] Theterminal may be alimited capability terminal
having a smaller number of TX chains or RX chains than
the number of carriers configured in the first region and
the second region.
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[0018] If the terminal receives a message configured
to simultaneously transmit V2X signals through the first
carrier and the third carrier, the V2X signal may be trans-
mitted through the first carrier and thereafter the TX chain
changes, and the V2X signal is transmitted through the
third carrier.

[0019] If the terminal receives a message configured
to simultaneously receive V2X signals through the first
carrier and the third carrier, the V2X signal may be re-
ceived through the first carrier and thereafter the RX
chain changes, and the V2X signal is received through
the third carrier.

[0020] If complexity of a carrier on which the terminal
performs a V2X signal TX operation is greater than or
equal to a threshold, the terminal may receive a message
for instructing to perform the V2X signal TX operation on
a different carrier.

[0021] Upon receiving the message, the terminal may
perform the V2X signal TX operation on the different car-
rier.

[0022] Upon detecting that a differentterminal is trans-
mitting a V2X signal, which has a higher priority than the
V2X signal of the specific carrier, on the different carrier
while the terminal is receiving the V2X signal in a specific
carrier, a V2X signal having a higher priority may be re-
ceived on the different carrier after RX chain switching.
[0023] In another aspect, provided is a terminal for
transmitting and receiving a vehicle-to-everything (V2X)
signal. The terminal includes a radio frequency (RF) unit
transmitting and receiving a radio signal and a processor
operably coupled to the RF unit. The processor is con-
figured to: transmit/receive a V2X control signal through
a first carrier configured commonly in a first region and
a second region and transmit/receive V2X data through
a second carrier configured in the first region and a third
carrier configured in the second region.

[0024] A carrier capable of transmitting/receiving a
V2X control signal in two adjacent regions is shared, and
a carrier capable of transmitting/receiving V2X data is
independently configured. Therefore, continuity of V2X
communication can be guaranteed even if a terminal
moves between the tworegions. In addition, performance
of V2X communication can be improved since a carrier
of a second region can be used instead of a carrier of a
first region in which congestion is high or collision occurs
frequently.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

FIG. 1 shows a wireless communication system to
which the present invention is applied.

FIG. 2 is a diagram showing a wireless protocol ar-
chitecture for a user plane.

FIG. 3 is a diagram showing a wireless protocol ar-
chitecture for a control plane.

FIG. 4 shows a basic structure for ProSe.
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FIG. 5 shows the deployment examples of types of
UE performing ProSe direct communication and cell
coverage.

FIG. 6 illustrates a configuration of a carrier for each
region according to the rule#A.

FIG. 7 shows a method of transmitting/receiving a
V2X signal of a UE according to an embodiment of
the present invention.

FIG. 8 shows an example of configuring a carrier for
each region according to the rule#B.

FIG. 9 shows a method of transmitting/receiving a
V2X signal of a UE according to another embodiment
of the present invention.

FIG. 10 shows an example of a method operated
when a V2X entity having limited capability receives
a message for configuring simultaneous signal
TX/RX on different carriers.

FIG. 11 is a drawing for comparing an operation of
a V2X entity having limited capability and an opera-
tion of a V2X entity having multiple-carrier TX(/RX)
capability.

FIG. 12 shows an example of an operation of a UE
for decreasing congestion of V2X signal transmis-
sion.

FIG. 13 shows an example of a resource on which
a V2X entity having limited capability transmits a sig-
nal according to the method of FIG. 12.

FIG. 14 shows an example of a method of operating
a V2X entity having limited RX capability. FIG. 15
shows an example of a method of operating a V2X
entity having limited RX capability when the method
of FIG. 14 is applied.

FIG. 16 is ablock diagram illustrating the user device
in which an embodiment of the present invention is
implemented.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0026]
tem.
[0027] The wireless communication system may be re-
ferred to as an Evolved-UMTS Terrestrial Radio Access
Network (E-UTRAN) or a Long Term Evolution
(LTE)/LTE-A system, for example.

[0028] The E-UTRAN includes at least one base sta-
tion (BS) 20 which provides a control plane and a user
plane to a user equipment (UE) 10. The UE 10 may be
fixed or mobile, and may be referred to as another ter-
minology, such as a mobile station (MS), a user terminal
(UT), a subscriber station (SS), a mobile terminal (MT),
a wireless device, etc. The BS 20 is generally a fixed
station that communicates with the UE 10 and may be
referred to as another terminology, such as an evolved
node-B (eNB), a base transceiver system (BTS), an ac-
cess point, etc.

[0029] The BSs 20 are interconnected by means of an
X2 interface. The BSs 20 are also connected by means
of an S1 interface to an evolved packet core (EPC) 30,

FIG. 1 shows a wireless communication sys-
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more specifically, to amobility management entity (MME)
through S1-MME and to a serving gateway (S-GW)
through S1-U.

[0030] The EPC 30 includes an MME, an S-GW, and
a packet data network-gateway (P-GW). The MME has
access information of the UE or capability information of
the UE, and such information is generally used for mo-
bility management of the UE. The S-GW is a gateway
having an E-UTRAN as an end point. The P-GW is a
gateway having a PDN as an end point.

[0031] Layers of aradio interface protocol between the
UE and the network can be classified into a first layer
(L1), a second layer (L2), and a third layer (L3) based on
the lower three layers of the open system interconnection
(OSI) model that is well-known in the communication sys-
tem. Among them, a physical (PHY) layer belonging to
the first layer provides an information transfer service by
using a physical channel, and a radio resource control
(RRC) layer belonging to the third layer serves to control
a radio resource between the UE and the network. For
this, the RRC layer exchanges an RRC message be-
tween the UE and the BS.

[0032] FIG. 2is adiagram showing a wireless protocol
architecture for a user plane. FIG. 3 is a diagram showing
a wireless protocol architecture for a control plane. The
user plane is a protocol stack for user data transmission.
The control plane is a protocol stack for control signal
transmission.

[0033] ReferringtoFIGs.2and 3,aPHY layer provides
an upper layer with an information transfer service
through a physical channel. The PHY layer is connected
to a medium access control (MAC) layer which is an up-
per layer of the PHY layer through a transport channel.
Data is transferred between the MAC layer and the PHY
layer through the transport channel. The transport chan-
nel is classified according to how and with what charac-
teristics data is transferred through a radio interface.
[0034] Data is moved between different PHY layers,
that is, the PHY layers of a transmitter and a receiver,
through a physical channel. The physical channel may
be modulated according to an Orthogonal Frequency Di-
vision Multiplexing (OFDM) scheme, and use the time
and frequency as radio resources.

[0035] Thefunctions ofthe MAC layerinclude mapping
between a logical channel and a transport channel and
multiplexing and demultiplexing to a transport block that
is provided through a physical channel on the transport
channel of a MAC Service Data Unit (SDU) that belongs
to a logical channel. The MAC layer provides service to
aRadioLink Control (RLC)layer through the logical chan-
nel.

[0036] The functions of the RLC layer include the con-
catenation, segmentation, and reassembly of an RLC
SDU. In order to guarantee various types of Quality of
Service (QoS) required by a Radio Bearer (RB), the RLC
layer provides three types of operation mode: Transpar-
ent Mode (TM), Unacknowledged Mode (UM), and Ac-
knowledged Mode (AM). AM RLC provides error correc-
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tion through an Automatic Repeat Request (ARQ).
[0037] The RRC layer is defined only on the control
plane. The RRC layer is related to the configuration,
reconfiguration, and release of radio bearers, and is re-
sponsible for control of logical channels, transport chan-
nels, and PHY channels. An RB means a logical route
that is provided by the first layer (PHY layer) and the
second layers (MAC layer, the RLC layer, and the PDCP
layer) in order to transfer data between UE and a network.
[0038] The function of a Packet Data Convergence
Protocol (PDCP) layer on the user plane includes the
transfer of user data and header compression and ci-
phering. The function ofthe PDCP layer on the user plane
further includes the transfer and encryption/integrity pro-
tection of control plane data.

[0039] What an RB is configured means a process of
defining the characteristics of a wireless protocol layer
and channels in order to provide specific service and con-
figuring each detailed parameter and operating method.
An RB can be divided into two types of a Signaling RB
(SRB) and a Data RB (DRB). The SRB is used as a pas-
sage through which an RRC message is transmitted on
the control plane, and the DRB is used as a passage
through which user data is transmitted on the user plane.
[0040] If RRC connection is established between the
RRC layer of UE and the RRC layer of an E-UTRAN, the
UE is in the RRC connected state. If not, the UE is in the
RRC idle state.

[0041] A downlink transport channel through which da-
ta is transmitted from a network to UE includes a broad-
cast channel (BCH) through which system information is
transmitted and a downlink shared channel (SCH)
through which user traffic or control messages are trans-
mitted. Traffic or a control message for downlink multicast
or broadcast service may be transmitted through the
downlink SCH, or may be transmitted through an addi-
tional downlink multicast channel (MCH). Meanwhile, an
uplink transport channel through which data is transmit-
ted from UE to a network includes arandom access chan-
nel (RACH) through which an initial control message is
transmitted and an uplink shared channel (SCH) through
which user traffic or control messages are transmitted.
[0042] Logical channels that are placed over the trans-
port channel and that are mapped to the transport chan-
nelinclude a broadcast control channel (BCCH), a paging
control channel (PCCH), a common control channel
(CCCH), a multicast control channel (MCCH), and a mul-
ticast traffic channel (MTCH).

[0043] The physical channel includes several OFDM
symbols in the time domain and several subcarriers in
the frequency domain. One subframe includes a plurality
of OFDM symbols in the time domain. An RB is a re-
sources allocation unit, and includes a plurality of OFDM
symbols and a plurality of subcarriers. Furthermore, each
subframe may use specific subcarriers of specific OFDM
symbols (e.g., the first OFDM symbol) of the correspond-
ing subframe for a physical downlink control channel (PD-
CCH), that is, an L1/L2 control channel. A Transmission
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Time Interval (TTI) is a unit time for subframe transmis-
sion.

[0044] The RRC state means whether or not the RRC
layer of UE is logically connected to the RRC layer of the
E-UTRAN. A case where the RRC layer of UE is logically
connected to the RRC layer of the E-UTRAN is referred
to as an RRC connected state. A case where the RRC
layer of UE is not logically connected to the RRC layer
of the E-UTRAN is referred to as an RRC idle state. The
E-UTRAN may check the existence of corresponding UE
in the RRC connected state in each cell because the UE
has RRC connection, so the UE may be effectively con-
trolled. In contrast, the E-UTRAN is unable to check UE
in the RRC idle state, and a Core Network (CN) manages
UE in the RRC idle state in each tracking area, that is,
the unit of an area greater than a cell. That is, the exist-
ence or non-existence of UE in the RRC idle state is
checked only for each large area. Accordingly, the UE
needs to shift to the RRC connected state in order to be
provided with common mobile communication service,
such as voice or data.

[0045] When a user first powers UE, the UE first
searches for a proper cell and remains in the RRC idle
state in the corresponding cell. The UE in the RRC idle
state establishes RRC connection with an E-UTRAN
through an RRC connection procedure when itis neces-
sary to set up the RRC connection, and shifts to the RRC
connected state. A case where UE in the RRC idle state
needs to set up RRC connection includes several cases.
Forexample, the cases may include a need to send uplink
data for a reason, such as a call attempt by a user, and
to send a response message as a response to a paging
message received from an E-UTRAN.

[0046] A Non-Access Stratum (NAS) layer placed over
the RRC layer performs functions, such as session man-
agement and mobility management.

[0047] Inthe NASIayer,inorderto manage the mobility
of UE, two types of states: EPS Mobility Management-
REGISTERED (EMM-REGISTERED) and EMM-DE-
REGISTERED are defined. The two states are applied
to UE and the MME. UE is initially in the EMM-DEREG-
ISTERED state. In order to access a network, the UE
performs a process of registering it with the correspond-
ing network through an initial attach procedure. If the at-
tach procedure is successfully performed, the UE and
the MME become the EMM-REGISTERED state.
[0048] In order to manage signaling connection be-
tween UE and the EPC, two types of states: an EPS
Connection Management (ECM)-IDLE state and an
ECM-CONNECTED state are defined. The two states
are applied to UE and the MME. When the UE in the
ECM-IDLE state establishes RRC connection with the E-
UTRAN, the UE becomes the ECM-CONNECTED state.
The MME in the ECM-IDLE state becomes the ECM-
CONNECTED state when it establishes S1 connection
with the E-UTRAN. When the UE is in the ECM-IDLE
state, the E-UTRAN does not have information about the
context of the UE. Accordingly, the UE in the ECM-IDLE
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state performs procedures related to UE-based mobility,
such as cell selection or cell reselection, without a need
to receive a command from a network. In contrast, when
the UE is in the ECM-CONNECTED state, the mobility
of the UE is managed in response to a command from a
network. If the location of the UE in the ECM-IDLE state
is different from a location known to the network, the UE
informs the network of its corresponding location through
a tracking area update procedure.

[0049] The D2D operation will now be described. In
3GPP LTE-A, the service related to D2D operation is
called proximity based service (ProSe). Hereinafter,
ProSe is equivalent to D2D operation and ProSe may be
interchanged with D2D operation. ProSe will now be de-
scribed.

[0050] The ProSe includes ProSe direction communi-
cationand ProSe directdiscovery. The ProSe direct com-
munication is communication performed between two or
more proximate UEs. The UEs may perform communi-
cation by using a protocol of a user plane. A ProSe-en-
abled UE implies a UE supporting a procedure related
to a requirement of the ProSe. Unless otherwise speci-
fied, the ProSe-enabled UE includes both of a public safe-
ty UE and a non-public safety UE. The public safety UE
is a UE supporting both of a function specified for a public
safety and a ProSe procedure, and the non-public safety
UE is a UE supporting the ProSe procedure and not sup-
porting the function specified for the public safety.
[0051] ProSe direct discovery is a process for discov-
ering another ProSe-enabled UE adjacent to ProSe-en-
abled UE. In this case, only the capabilities of the two
types of ProSe-enabled UE are used. EPC-level ProSe
discovery means a process for determining, by an EPC,
whether the two types of ProSe-enabled UE are in prox-
imity and notifying the two types of ProSe-enabled UE
of the proximity.

[0052] Hereinafter, for convenience, the ProSe direct
communication may be referred to as D2D communica-
tion, and the ProSe direct discovery may be referred to
as D2D discovery.

[0053] FIG. 4 shows a basic structure for ProSe.
[0054] ReferringtoFIG.4,thebasicstructure for ProSe
includes an E-UTRAN, an EPC, a plurality of types of UE
including a ProSe application program, a ProSe applica-
tion server (a ProSe APP server), and a ProSe function.
[0055] The EPCrepresentsan E-UTRAN core network
configuration. The EPC may include an MME, an S-GW,
a P-GW, a policy and charging rules function (PCRF), a
home subscriber server (HSS) and so on.

[0056] The ProSe APP server is a user of a ProSe ca-
pability for producing an application function. The ProSe
APP server may communicate with an application pro-
gram within UE. The application program within UE may
use a ProSe capability for producing an application func-
tion.

[0057] The ProSe function may include at least one of
the followings, but is not necessarily limited thereto.
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- Interworking via areference point toward the 3rd par-
ty applications

- Authorization and configuration of UE for discovery
and direct communication

- Enable the functionality of EPC level ProSe discov-
ery

- ProSe related new subscriber data and handling of
data storage, and also handling of the ProSe identi-
ties

- Security related functionality

- Provide control towards the EPC for policy related
functionality

- Provide functionality for charging (via or outside of
the EPC, e.g., offline charging)

[0058] A reference point and a reference interface in
the basic structure for ProSe are described below.

- PC1: a reference point between the ProSe applica-
tion program within the UE and the ProSe application
program within the ProSe APP server. This is used
to define signaling requirements in an application di-
mension.

- PC2:areference pointbetweenthe ProSe APP serv-
er and the ProSe function. This is used to define an
interaction between the ProSe APP server and the
ProSe function. The update of application data in the
ProSe database of the ProSe function may be an
example of the interaction.

- PC3: a reference point between the UE and the
ProSe function. This is used to define an interaction
between the UE and the ProSe function. A configu-
ration for ProSe discovery and communication may
be an example of the interaction.

- PC4: a reference point between the EPC and the
ProSe function. This is used to define an interaction
between the EPC and the ProSe function. The inter-
action may illustrate the time when a path for 1:1
communication between types of UE is set up or the
time when ProSe service for real-time session man-
agement or mobility management is authenticated.

- PC5: a reference point used for using control/user
plane for discovery and communication, relay, and
1:1 communication between types of UE.

- PC6: areference point for using a function, such as
ProSe discovery, between users belonging to differ-
ent PLMNs.

- SGi: this may be used to exchange application data
and types of application dimension control informa-
tion.

[0059] The D2D operation may be supported both
when UE is serviced within the coverage of a network
(cell) or when it is out of coverage of the network.
[0060] FIG.5 showsthe deploymentexamplesoftypes
of UE performing ProSe direct communication and cell
coverage.

[0061] Referringto FIG. 5(a), types of UE A and B may
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be placed outside cell coverage. Referring to FIG. 5(b),
UE A may be placed within cell coverage, and UE B may
be placed outside cell coverage. Referring to FIG. 5(c),
types of UE A and B may be placed within single cell
coverage. Referring to FIG. 5(d), UE A may be placed
within coverage of a first cell, and UE B may be placed
within coverage of a second cell.

[0062] ProSe directcommunication may be performed
between types of UE placed at various positions as in
FIG. 5.

<Radio resource allocation for D2D communication
(ProSe direct communication)>.

[0063] Atleast one of the following two modes may be
used for resource allocation for D2D communication.

1. Mode 1

[0064] Mode 1 is mode in which resources for ProSe
direct communication are scheduled by an eNB. UE
needs to be in the RRC_CONNECTED state in order to
send data in accordance with mode 1. The UE requests
atransmission resource from an eNB. The eNB performs
scheduling assignment and schedules resources for
sending data. The UE may send a scheduling request to
the eNB and send a ProSe Buffer Status Report (BSR).
The eNB has data to be subjected to ProSe direct com-
munication by the UE based on the ProSe BSR and de-
termines that a resource for transmission is required.

2. Mode 2

[0065] Mode 2 is mode in which UE directly selects a
resource. UE directly selects a resource for ProSe direct
communication in a resource pool. The resource pool
may be configured by a network or may have been pre-
viously determined.

[0066] Meanwhile, if UE has a serving cell, that is, if
the UE is in the RRC_CONNECTED state with an eNB
or is placed in a specific cell in the RRC_IDLE state, the
UE is considered to be placed within coverage of the eNB.
[0067] If UE is placed outside coverage, only mode 2
may be applied. If the UE is placed within the coverage,
the UE may use mode 1 or mode 2 depending on the
configuration of an eNB.

[0068] If another exception condition is not present,
only when an eNB performs a configuration, UE may
change mode from mode 1 to mode 2 or from mode 2 to
mode 1.

<D2D discovery (ProSe direct discovery)>

[0069] D2D discovery refers to the procedure used in
a ProSe capable terminal discovering other ProSe capa-
ble terminals in close proximity thereto and may be re-
ferred to as ProSe direct discovery. The information used
for ProSe direct discovery is hereinafter referred to as
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discovery information.

[0070] A PC 5 interface may be used for D2D discov-
ery. The PC 5 interface includes an MAC layer, a PHY
layer, and a ProSe Protocol layer, that is, a higher layer.
The higher layer (the ProSe Protocol) handles the per-
mission of the announcement and monitoring of discov-
ery information. The contents of the discovery informa-
tion are transparent to an access stratum (AS). The
ProSe Protocol transfers only valid discovery information
to the AS for announcement. The MAC layer receives
discovery information from the higher layer (the ProSe
Protocol). An IP layer is not used to send discovery in-
formation. The MAC layer determines a resource used
to announce discovery information received from the
higher layer. The MAC layer produces an MAC protocol
data unit (PDU) for carrying discovery information and
sends the MAC PDU to the physical layer. An MAC head-
er is not added.

[0071] In order to announce discovery information,
there are two types of resource assignment.

1. Type 1

[0072] Thetype 1is a method for assigning a resource
for announcing discovery information in a UE-not-specif-
ic manner. An eNB provides a resource pool configura-
tion for discovery information announcement to types of
UE. The configuration may be broadcasted through the
SIB. The configuration may be provided through a UE-
specific RRC message. Or the configuration may be
broadcasted through otherthan the RRC message in oth-
er layer or may be provided by UE-specific signaling.
[0073] UE autonomously selects a resource from an
indicated resource pool and announces discovery infor-
mation using the selected resource. The UE may an-
nounce the discovery information through a randomly se-
lected resource during each discovery period.

2. Type 2

[0074] Thetype 2 is a method for assigning a resource
for announcing discovery information in a UE-specific
manner. UE in the RRC_CONNECTED state may re-
quest a resource for discovery signal announcement
from an eNB through an RRC signal. The eNB may an-
nounce a resource for discovery signal announcement
through an RRC signal. A resource for discovery signal
monitoring may be assigned within a resource pool con-
figured for types of UE.

[0075] An eNB 1) may announce a type 1 resource
pool for discovery signal announcement to UE in the
RRC_IDLE state through the SIB. Types of UE whose
ProSe direct discovery has been permitted use the type
1 resource pool for discovery information announcement
in the RRC_IDLE state. Alternatively, the eNB 2) an-
nounces that the eNB supports ProSe direct discovery
through the SIB, but may not provide a resource for dis-
covery information announcement. In this case, UE
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needs to enter the RRC_CONNECTED state for discov-
ery information announcement.

[0076] AneNB may configure that UE has to use a type
1 resource pool for discovery information announcement
or has to use a type 2 resource through an RRC signal
in relation to UE in the RRC_CONNECTED state.
[0077] Now, the present invention is described.
[0078] Hereinafter, methods of efficiently transmit-
ting/receiving a vehicle-to-everything (V2X) control/data
message on a plurality of carriers are proposed. The plu-
rality of carriers may be predetermined or may be signal-
ed to a UE. V2X may use the aforementioned D2D op-
eration in terms of UE-to-UE communication.

[0079] First, in V2X, X’ may mean a pedestrian. In this
case, V2X may be represented as V2P, and may mean
communication between a vehicle (or a device installed
in the device) and a device carried by the pedestrian.
Herein, the pedestrian is not necessarily limited to a per-
son walking on the road, and may include a person riding
a bicycle and a driver or passenger of a vehicle (below
a specific speed).

[0080] Alternatively, in V2X, ’X’ may mean a vehicle.
In this case, V2X may be represented as V2V, and may
mean communication between vehicles. Alternatively,’ X’
may be an infrastructure/network. In this case, V2X may
be represented as V2l or V2N, and may mean commu-
nication between a vehicle and a roadside unit (RSU) or
between the vehicle and the network. The RSU may be
a transportation infrastructure, for example, a device for
speed notifications. The RSU may be implemented in a
base station (BS) or a fixed UE or the like.

[0081] Hereinafter, for convenience of explanation, a
V2P communication-related device carried by a pedes-
trian (or a person) is referred to as a 'P-UE’, and a V2X
communication-related device installed in a vehicle is re-
ferred to as a 'V-UE’. In the present invention, the term
‘entity’ may be interpreted as at least one of a P-UE, a
V-UE, an RSU, a network, and an infrastructure.

[0082] In the present invention, a 'carrier/cell’ may be
interpreted as a resource pool’ predetermined or signal-
ed for the purpose of V2X control/data message trans-
mission (TX) and/or reception (RX).

[0083] In order to mitigate a decrease in reliability re-
lated to the V2X control/data message RX/TX due to a
V2X control/data message collision/congestion or the
like, a carrier/cell related to the V2X control/data mes-
sage TX/RX may be configured differently for each pre-
defined or signaled 'region’.

[0084] Herein, the 'region’ may be interpreted as at
least one of: (1) a geographically separated region; and
(2) a region separated by communication coverage of a
V2V entity (e.g., a BS(/UE)-type RSU).

[0085] Hereinafter, for convenience of explanation, the
two regions are referred to as a region#A and a region#B,
and itis assumed that the region#A and the region#B are
adjacent to each other. Under this circumstance, the car-
rier/cell related to the V2X control/data message TX/RX
for each region may be configured as follows.
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[0086] It is assumed that the carrier/cell related to the
V2X control/data message TX/RXincludes a primary car-
rier(/cell)#A (represented as P-carrier(/cell)#A), a sec-
ondary carrier(/cell)#B (represented as a S-carri-
er(/cell)#B), a S-carrier(/cell)#C, and a S-carrier(/cell)#D.
[0087] (Rule#A) The P-carrier(/cel)#A may be com-
monly configured for the purpose of V2X control/data
message TX/RX in the adjacent regions, i.e., the re-
gion#A and the region#B.

[0088] On the other hand, the S-carrier(/cell)#B and
the S-carrier(/cell)#C may be independently configured
for the purpose of V2X data/control message TX/RX in
the region#A and the region#B. This may be interpreted
that some carriers/cells related to the V2X control/data
message TX/RX may be configured independently (or
differently) between different (or adjacent) regions.
[0089] It may be configured such that both the 'V2X
control message TX/RX’ and the 'V2X data message
TX/RX' are allowed on the P-carrier(/cell)#A, and it may
be configured such that only the 'V2X data message
TX/RX' is allowed on the S-carrier(/cell}#B and the S-
carrier(/cell)#C. For example, a V2X control message
transmitted/received on the P-carrier(/cell) may inform
scheduling information for a V2X data message trans-
mitted/received on the S-carrier(/cell).

[0090] FIG. 6 illustrates a configuration of a carrier for
each region according to the rule#A.

[0091] Referring to FIG. 6, the P-carrier#A and the S-
carrier##B may be configured in the region#A. The P-car-
rier#A and the S-carrier#C may be configured in the re-
gion#B. As described above, it may be configured such
that TX/RX of both the V2X control signal and the V2X
data is allowed on the P-carrier#A, and TX/RX of only
the V2X data is allowed on the S-carrier#B and the S-
carrier##C. The P-carrie#A, the S-carrier##B, and the S-
carrier#C may be carriers of different bands. Although it
is represented as a carrier in FIG. 6 for convenience of
explanation, the carrier may also be represented as a cell.
[0092] FIG.7showsamethod of transmitting/receiving
a V2X signal of a UE according to an embodiment of the
present invention.

[0093] Referring to FIG. 7, the UE transmits/receives
a V2X control signal (and/or V2X data) through a first
carrier commonly configured in first and second regions
(S110).

[0094] In addition, the UE transmits/receives the V2X
datathrough a second carrier configured in the firstregion
or a third carrier configured in the second region (S120).
[0095] When the above method is applied to the ex-
ample of FIG. 6, the UE may transmits/receives the V2X
control signal (and/or V2X data) through a carrier, i.e.,
the P-carrier#A, commonly configured in the region#A
and the region#B, and may transmit/receive V2X data
through the S-carrier#B configured in the region#A and
the S-carrier#C configured in the region#B.

[0096] When the rule#A is applied, a V2X entity, e.g.,
a V-UE or a P-UE, monitors the P-carrier(/cell)#A either
‘periodically according to a predefined or signaled period

10

15

20

25

30

35

40

45

50

55

value’ or ‘preferentially’, thereby efficiently continuing
V2X communications related to a different (or adjacent)
region even when it is located at a boundary of the dif-
ferent (or adjacent) region or passes the boundary of the
different (or adjacent) region.

[0097] (Rule#B) The P-carrier(/cell)#A and the S-car-
rier(/cell)#B may be configured in the region#A for the
purpose of the V2X control(/data) message TX(/RX), and
the S-carrier(/cell)#C and the S-carrier(/cell)#C may be
configured in the region#B for the purpose of the V2X
control(/data) message TX(/RX). That s, it may be inter-
preted that all carriers/cells related to the V2X control/da-
ta message TX/RX are configured independently (or dif-
ferently) between different (or adjacent) regions. For ex-
ample, it may be configured such that both the 'V2X con-
trol message TX/RX’ and the 'V2X data message TX/RX’
are allowed on the P-carrier(/cell)#A (region#A) and the
S-carrier(/cel)#B, and only the 'V2X data message
TX/RX’ is allowed on the S-carrier(/cell)#B (region#A)
and the S-carrier(/cell)#D (region#B).

[0098] For example, the V2X control message trans-
mitted/received on the P-carrier(/cell}#A and the S-car-
rier(/cell)#C may inform scheduling information regard-
ing the V2X data message transmitted/received from the
S-carrier(/cell)#B and the S-carrier(/cell)#D, respective-
ly.

[0099] FIG. 8 shows an example of configuring a car-
rier for each region according to the rule#B.

[0100] Referring to FIG. 8, the P-carrier##A and the S-
carrier##B may be configured in the region#A. The S-car-
rier#C and an S-carrier#D may be configured in the re-
gion#B. In this case, it may be configured such that
TX/RX of both a V2X control signal and V2X data is al-
lowed in the region#A through the P-carrier#A, and
TX/RX of both the V2X control signal and the V2X data
is allowed in the region#B only through the S-carrier#C.
It may be configured such that only the V2X data TX/RX
is allowed through the S-carrier#B and the S-carrier#D.
The P-carrier##A, the S-carrier##B, the S-carrie#C, and
the S-carrier#D may be carriers of different bands. Al-
though it is represented as a carrier in FIG. 8 for conven-
ience of explanation, the carrier may also be represented
as a cell.

[0101] For example, when the rule#B is applied, a V2X
entity, e.g., aV-UE ora P-UE, may monitor a carrier(/cell)
related to V2X control/data message RX/TX of a region
to which it belongs (e.g., the P-carrier(/cell)#A and/or the
S-carrier(/cel)#B (region#A), the S-carrier(/cell}#C
(and/or the S-carrier(/cell)#D (region#B))) either 'period-
ically according to a predefined or signaled period value’
or ’preferentially’.

[0102] When a V2X TX entity is located at a boundary
of a different (or adjacent) region or passes the boundary
of the different (or adjacent) region, it may be configured
such that a V2X (control/data) message TX operation
can be performed not only on a (V2X control/data mes-
sage TX/RX) carrier(/cell) related to the (existing) region
to which it belongs but also on a (V2X control/data mes-
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sage TX/RX) carrier(/cell) related to the adjacent (or dif-
ferent) region.

[0103] As another example, it may be configured such
that a V2X RX entity is allowed to monitor not only a (V2X
control/data message RX/TX) carrier(/cell) related to the
region to which it belongs but also a (V2X control/data
message RX/TX) carrier(/cell) related to the adjacent (or
different) region ’periodically according to a predefined
or signaled period value’.

[0104] FIG. 9showsamethod of transmitting/receiving
a V2X signal of a UE according to another embodiment
of the present invention.

[0105] Referring to FIG. 9, the UE determines whether
it is located at a boundary between a first region and a
second region (S210).

[0106] If the UE is located at the boundary between
the first region and the second region, the UE trans-
mits/receives the V2X signal by using a carrier configured
in a region other than the region to which it belongs
(S220).

[0107] When the above methods are applied, even if
a carrier/cell related to both V2X control/data message
TX/RX is configured independently (or differently) be-
tween different (or adjacent) regions, V2X communica-
tion(s) related to the different (or adjacent) regions may
be continuously or efficiently performed.

[0108] When the aforementioned some or all rules
(e.g., the rule#A, the rule#B) are applied, if a predefined
or signaled V2X control/data message (referred to as
'HP_RXMSG’) having a relatively higher priority is re-
ceived on a V2X control/data message RX carrier(/cell)
related to a region to which it belongs (or the predefined
or signaled V2X control/data message (referred to as
'HP_TXMSG’) having a relatively higher priority is re-
ceived on a V2X control/data message TX carrier(/cell)
related to a region to which it belongs), a V2X entity (e.g.,
a V-UE, a P-UE) may be allowed not to perform an op-
eration of receiving (or transmitting) the V2X control/data
message having a relatively lower priority (than
HP_RXMSG (or HP_TXMSG)) on the V2X control/data
message RX carrier(/cell) related to the adjacent (or dif-
ferent) region (or a 'RX chain switching’ (or 'TX chain
switching’) operation for receiving (or transmitting) the
V2X control/data message having the relatively lower pri-
ority).

[0109] Such a rule may be configured to be limitedly
applied only to a V2X RX(/TX) entity in which the number
of carriers/cells configured for the purpose of V2X con-
trol/data message RX(/TX) is greater than its own 'RX
chain capability’ (or ‘'TX chain capability’). Hereinafter,
such an entity may be referred to as a ’limited capability
V2X entity’, more specifically, a’limited RX capability V2X
entity’ or a ’limited TX capability V2X entity’.

[0110] The applying of the aforementioned rule may
be interpreted that if a predefined (or signaled) V2X con-
trol(/data) message having a relatively higher priority is
received on a specific carrier(/cell) (configured for the
purpose of V2X control(/data) message RX(/TX)), a spe-
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cific V2X RX(/TX) entity does not perform an operation
of receiving (or transmitting) the V2X control/data mes-
sage having the relatively lower priority on a different
(V2X control(/data) message RX(/TX)) carrier(/cell) (ora
’'RX chain switching’ (or 'TX chain switching’) operation
for receiving (or transmitting) the V2X control/data mes-
sage having the relatively lower priority).

[0111] Forexample, when the rule#B and/or the rule#A
are applied, if a ’limited TX(/RX) capability V2X entity’
has to (simultaneously) transmit(/receive) the V2X con-
trol(/data) message notonly ona V2X control(/data) mes-
sage TX(/RX) carrier(/cell) related to a region (region#A)
to which it belongs but also on a V2X control(/data) mes-
sage TX(/RX) carrier(/cell) related to an adjacent (or dif-
ferent) region (region#B), it may be configured to be per-
formed in a "'TDM’ manner by considering a 'TX(/RX)
chain switching time’ (or a ’carrier switching time’).
[0112] FIG. 10 shows an example of a method oper-
ated when a V2X entity having limited capability receives
a message for configuring simultaneous signal TX/RX
on different carriers.

[0113] Referring to FIG. 10, a ’limited capability V2X
entity’ located in a first region may receive a message
for configuring simultaneous TX/RX of a signal through
a first carrier configured in the first region and a second
carrier configured in a second region (S310).

[0114] The V2X entity having limited capability per-
forms TX/RX chain switching after performing signal
TX/RX on the first carrier configured in the first region
(S320).

[0115] The V2X entity having limited capability per-
forms signal TX/RX on the second carrier configured in
the second region (S330).

[0116] Such a rule may be configured to be limitedly
applied only when the ’limited TX(/RX) capability V2X
entity’ is located at a boundary of a different (or adjacent)
region (or when it passes the boundary of the different
(or adjacent) region).

[0117] On the other hand, when the rule#B and/or the
rule#A are applied, if a V2X TX(/RX) entity having 'mul-
tiple-V2X TX(/RX) carrier TX(/RX) capability’ has to (si-
multaneously) transmit(/receive) a V2X control(/data)
message not only on a V2X control(/data) message
TX(/RX) carrier(/cell) (referred to as’ORI_TXCC’) related
to a region (region#A) to which it belongs but also a V2X
control(/data) message TX(/RX) carrier(/cell) (referred to
as 'NEG_TXCC’) related to an adjacent (or different) re-
gion (region#B), it may be configured to perform simul-
taneous TX(/RX) onthe ORI_TXCC andthe NEG_TXCC
instead of performing it in a "'TDM’ manner.

[0118] FIG. 11is adrawing for comparing an operation
of a V2X entity having limited capability and an operation
of a V2X entity having multiple-carrier TX(/RX) capability.
[0119] ReferringtoFIG. 11, a P-carrier(/cell)#A and S-
carrier(/cell)#B related to V2X control(/data) message
TX(/RX) may be configured in a region#A, and an S-car-
rier(/cell)#C and S-carrier(/cell)#D related to V2X con-
trol(/data) message TX(/RX) may be configured in a re-
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gion#B.

[0120] For example, a V2X entity having limited capa-
bility may operate in a TDM manner, whereas a V2X en-
tity having multiple-carrier TX(/RX) capability may per-
form simultaneous transmission, when a message con-
figured to transmit a V2X signal simultaneously through
a carrier(/cell) to which it belongs and a carrier(/cell) of
an adjacentdifferentregion. Thatis, the V2X entity having
limited capability transmits a signal in a subframe#2 of
the P-carrier(/cell)#A, performs carrier switching (as-
sumed as 1ms, and also referred to as TX chain switch-
ing), and thereafter transmits a V2X signal through a sub-
frame#4 of the S-carrier(/cell)#C. On the other hand, the
V2X entity having multiple-carrier TX(/RX) capability may
simultaneously transmit a V2X signal through a sub-
frame#9 of the S-carrier(/cell)#C while transmitting a sig-
nal in a subframe#9 of the P-carrier(/cell)#A. Such an
operation is also equally applied in case of reception.
[0121] On the other hand, a V2X entity for performing
a V2X control/data message TX operation on a specific
carrier(/cell) (referred to as ’'CONGEST_CC’) configured
for the purpose of V2X control/data message TX may be
instructed to allow a predefined (LTE) serving BS (or an
Internettransaction server (ITS) server ora V2X function)
to move(/switch) only theV2X data(/control) message TX
operation to another carrier(/cell) (configured for the pur-
pose of V2X data(/control) message TX), in order to mit-
igate a ’congestion(/load) level' related to the
CONGEST_CC.

[0122] Alternatively, the operation of moving(/switch-
ing) the carrier(/cell) related to the V2X data(/control)
message TX may be configured to be performed in the
order of a predefined or signaled carrier(/cell) move-
ment(/switching) if a recognized 'congestion(/load) level
is higher than a predefined or signaled threshold, after
directly recognizing the ’congestion(/load) level’ of the
CONGEST_CC by using an energy detection operation
or the like.

[0123] When only the 'V2X data message’ TX opera-
tionis moved(/switched) to another carrier(/cell) (referred
to as 'DATASW_CC’), a carrier(/cell) indication field’ for
informing a specific carrier(/cell) on which 'V2X datames-
sage’ TX is performed in association with corresponding
control(/scheduling) information may be included in a
'V2X  control message’ transmitted on the
CONGEST_CC.

[0124] A size of a resource allocation field’ of the 'V2X
control message’ transmitted on the CONGEST_CC may
be set to be determined according to a relatively greater
(or smaller) value between a 'system bandwidth (related
to V2X communication) of the CONGEST_CC’ and a
'system band (related to V2X communication) of
DATASW_CC'.

[0125] On the other hand, when the proposed rules
(e.g., rule#A, rule#B) are applied, a P-UE(s) may be con-
figured to perform an operation of monitoring a V2X (con-
trol/data) message on a V2X (control/data) message RX
carrier(/cell) related to a region to which it belongs and/or
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a V2X (control/data) message RX carrier(/cell) related to
an adjacent (or different) region only when a predefined
indicator (referredtoas’'NGMONI_INDI’) isreceived from
an (LTE) serving BS (or RSU) of a region to which it
belongs (or may be configured to perform the operation
of monitoring the V2X (control/data) message on the V2X
(control/data) message RX carrier(/cell) related to a re-
gion to which it belongs and/or the V2X (control/data)
message RX carrier(/cell) related to the adjacent (or dif-
ferent) region periodically according to a predefined or
signaled period value).

[0126] When the proposed rules (e.g., rule#A, rule#B)
are applied, in order to decrease a 'congestion(/load) lev-
el (referred to as '"HCG_CC’) of a specific carrier(/cell)
(configured for the purpose of V2X control/data message
TX), a predefined (LTE) serving BS (or an ITS server or
a V2X function) may instruct a limited TX capability V2X
entity’ to move (switch) only a V2X data message TX
operation (in the HCG_CC).

[0127] The operation of moving(/switching) the carri-
er(/cell) related to the V2X data message TX may be
configured to be performed in the order of a predefined
or signaled carrier(/cell) movement(/switching) if a rec-
ognized 'congestion(/load) level’ is higher than a prede-
fined or signaled threshold, after directly recognizing the
‘congestion(/load) level’ of the HCG_CC by using an en-
ergy detection operation or the like.

[0128] FIG. 12 shows an example of an operation of a
UE for decreasing congestion of V2X signal transmis-
sion.

[0129] Referring to FIG. 12, a message of instructing
to perform a V2X data message TX operation may be
received from a serving BS through a carrier configured
in a region other than a region in which the UE is located
(S410).

[0130] The UE may perform TX chain switching after
transmitting a signal on a first carrier configured in a first
region (S420), and may perform signal transmission on
a second carrier configured in a second region (S430).

[0131] FIG. 13 shows an example of a resource on
which a V2X entity having limited capability transmits a
signal according to the method of FIG. 12.

[0132] Referring to FIG. 13, while transmitting a V2X
signal in a subframe#2 of a P-carrier(/cell)#A, the V2X
entity having limited TX capability may be instructed to
perform an operation of transmitting a V2X signal on an
S-carrier(/cell)#B to decrease a congestion/load level of
the P-carrier(/cell)#A from a serving cell. Afield indicating
the S-carrier(/cell)#B may be included in the instruction.
The V2X entity may transmit the V2X signal in sub-
frames#4, 5, and 6 of the S-carrier(/cell)#B after carrier
switching (TX chain switching).

[0133] Specifically, aV2X control message is transmit-
ted in the subframe#2 of the P-carrier(/cell). The V2X
control message may include scheduling information re-
garding: (A) a 'V2X data message transmitted (together
with a V2X control message) in the subframe#2 of the P-
carrier(/cell)#A’; and (B) a 'V2X data message transmit-
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ted in the subframe#4, subframe#5, and subframe#6 of
the S-carrier(/cell}#B’. Itis assumed that a’'TX(/RX) chain
switching time’ (or a 'carrier switching time’) is '1ms’.
[0134] InFIG. 13, aV2Xentity not having RX capability
for the S-carrier(/cell)#B receives only a 'V2X control
message and V2X data message transmitted in the sub-
frame#2 of the P-carrier(/cell)#A’, and a V2X entity hav-
ing RX capability for the S-carrier(/cell)#B may receive
not only the 'V2X control message transmitted in the sub-
frame#2 of the P-carrier(/cell)#A’ but also a "V2X control
message transmitted in the subframe#4, subframe#5,
and the subframe#6 of the S-carrier(/cell)#B’. That is,
V2X message RX performance may be improved in com-
parison with the V2X entity not having RX capability for
the S-carrier(/cell)#B.

[0135] When the proposed rules (e.g., rule#A, rule#B)
are applied, if the ’limited RX capability V2X entity’ rec-
ognizes(/detects) that a different V2X entity (V2X enti-
ty#B) having a relatively higher priority transmits a V2X
message on a different carrier(/cell) (e.g., S-carri-
er(/cell)#B) (configured for the purpose of V2X con-
trol/data message RX) while receiving a V2X message
related to a specific V2X entity (V2X entity#A) on a spe-
cific carrier(/cell) (e.g., P-carrier(/cell)#A) (configured for
the purpose of V2X control/data message RX), it may be
configured to receive a V2X message transmitted by the
different V2X entity (V2X entity#B) having the relatively
higher priority after performing a 'RX chain switching’ (or
‘carrier switching’) operation.

[0136] The V2X entity having the relatively higher pri-
ority may be configured to transmit a predefined or sig-
naled V2X message having a relatively higher priority
(e.g., a ‘'message for informing emergency situation oc-
currence’ may have a higher priority than a ’location in-
formation transmission message’, and an ’event trig-
gered message (e.g., DENM)’ may have a higher priority
than a ’periodic message (e.g., CAMY)’). Alternatively, it
may be configured as a predefined or signaled V2X entity
having a relatively higher priority in terms of a priority of
V2X message RX (e.g., an 'RSU’ may have a higher pri-
ority than a 'V-UE’).

[0137] When the proposed rules (e.g., rule#A, rule#B)
are applied, if a ’limited RX capability V2X entity’ recog-
nizes(/detects) that the different V2X message having
the relatively higher priority is transmitted on a different
carrier(/cell) (e.g., S-carrier(/cell)#B) (configured for the
purpose of V2X control/data message RX) while receiv-
ing a specific V2X message on a specific carrier(/cell)
(e.g., P-carrier(/cell)#A) (configured for the purpose of
V2X control/data message RX), the proposed methods
may be extended to receive a different V2X message
having a relatively higher priority after performing a RX
chain switching (or ‘carrier switching’) operation.

[0138] FIG. 14 shows an example of a method of op-
erating a V2X entity having limited RX capability.
[0139] Referring to FIG. 14, a V2X entity (UE) having
limited RX capability may receive a V2X message on a
first carrier (S510). The V2X entity (UE) having limited
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RX capability may detect that a different V2X entity trans-
mits a V2X message having a higher priority on a second
carrier (S520). After RX chain switching, the V2X entity
receives a V2X message transmitted by the different V2X
entity on the second carrier (S530).

[0140] FIG. 15 shows an example of a method of op-
erating a V2X entity having limited RX capability when
the method of FIG. 14 is applied.

[0141] Referring to FIG. 15, a ’limited RX capability
V2X entity (referred to as a V2X entity#C)’ may recognize
that a 'V2X (control/data) message related to a different
V2X entity#B having a relatively higher priority’ is trans-
mitted on a subframe#5, subframe#6, and subframe#7
of a different S-carrier(/cell)#B (configured for the pur-
pose of V2X control/data message RX) by receiving(/de-
tecting) a V2X (control(/data)) message transmitted by a
V2X entity#B in a subframe#3 of a P-carrier(/cell)#A while
receiving a 'V2X (control/data) message related to a V2X
entity#A having a relatively lower priority’ on a sub-
frame#2 and subframe#3 of a specific P-carrier(/cell}#A
(configured for V2X control/data message RX). Then, the
limited RX capability V2X entity (V2X entity#C) receives
a V2X (data(/control)) message transmitted by the differ-
ent V2X entity#B having the relatively higher priority after
performing a RX chain switching (or 'carrier switching’)
operation (under the assumption that a "'TX(/RX) chain
switching time’ (or a 'carrier switching time’) is *1ms’).
[0142] Therefore, a V2X message actually received by
the limited RX capability V2X entity (V2X entity#C) cor-
responds to a subframe#2 and subframe#3 of the P-car-
rier(/cell)}#A and a subframe#5, subframe#6, and sub-
frame#7 of the S-carrier(/cell)#B. In a subframe# 4 of the
P-carrier(/cell)#A, a V2X (control/data) message related
to the V2X entity#A cannot be received due to TX chain
switching.

[0143] As another example, if the V2X entity having
‘limited RX capability’ has a plurality of (e.g., 2) RX
chains, under the situation of FIG. 15, one (dedicated)
RX chain may be allocated to the P-carrier(/cell}#A to
(continuously) receive a V2X message (the subframe#2,
subframe#3, subframe#4, and subframe#5 of the P-car-
rier(/cell)#A) transmitted by the V2X entity#A and a V2X
message (the subframe#3 of the P-carrier(/cell)#A)
transmitted by the V2X entity#B, and the remaining one
RX chain may be allocated to the S-carrier(/cell)#B (or
the remaining carrier(/cell) configured for the purpose of
V2X control(/data) message RX) (through a RX chain
switching (or carrier switching) operation) to receive a
V2X message (the subframe#5, subframe#6, and the
subframe#7 of the S-carrier(/cell)#B) transmitted by the
V2X entity#B.

[0144] Examples for the aforementioned proposed
method can be included as one of implementation meth-
ods of the present invention, and thus can be apparently
regarded as a sort of proposed methods. In addition, al-
though the aforementioned proposed methods can be
independently implemented, it is also possible to be im-
plemented by combining (or merging) some proposed



21 EP 3 343 995 A1

methods. For example, although the proposed method
is described on the basis of a 3GPP LTE/LTE-A system
for convenience of explanation, a system to which the
proposed method is applied can also be extended to an-
other system other than the 3GPP LTE system. For ex-
ample, the proposed methods of the present invention
can also be extendedly applied for D2D communication.
Herein, the D2D communication implies that a UE com-
municates with a different UE directly by using a radio
channel. For example, although the UE implies a user
terminal, when a network device such as a BS trans-
mits/receives a signal according to a communication
scheme between UEs, the UE may also be regarded as
a sort of the UE.

[0145] FIG. 16 is a block diagram of a UE according
to an embodiment of the present invention.

[0146] Referringto FIG. 16, a UE 110 includes a proc-
essor 1110, amemory 1120, and a radio frequency (RF)
unit 1130. The processor 1110 implements the proposed
function, procedure, and/or method.

[0147] The RF unit 1130 is connected to the processor
1110 to transmit and receive radio signals.

[0148] The processor may comprise an application-
specific integrated circuit (ASIC), other chipset, logic cir-
cuitry and/or data processing device. The memory may
include read-only memory (ROM), random access mem-
ory (RAM), flash memory, memory cards, storage media,
and/or other storage devices. The RF unit may include
a baseband circuit for processing the radio signal. When
the embodiment is implemented in software, the above-
described techniques may be implemented with modules
(processes, functions, and so on) that perform the func-
tions described above. The module may be stored in the
memory and may be executed by the processor. The
memory may be internal or external to the processor, and
may be coupled to the processor by various well known
means.

Claims

1. A method of transmitting/receiving a vehicle-to-eve-
rything (V2X) signal of a terminal in a wireless com-
munication system, the method comprising:

transmitting/receiving a V2X control signal
through a first carrier configured commonly in a
first region and a second region; and
transmitting/receiving V2X data through a sec-
ond carrier configured in the first region and a
third carrier configured in the second region.

2. The method of claim 1, wherein the first region and
the second region are adjacent different geograph-
ical regions.

3. The method of claim 1, wherein the first carrier is a
carrier configured to allow both the V2X control sig-
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10.

1.

12.

22
nal TX/RX and the V2X data TX/RX.

The method of claim 3, wherein each of the second
carrier and the third carrier is a carrier configured to
allow only the V2X data TX/RX.

The method of claim 1, wherein the terminal is a ter-
minal located at a boundary of the first region and
the second region.

The method of claim 1, wherein the terminal is a lim-
ited capability terminal having a smaller number of
TX chains or RX chains than the number of carriers
configured in the first region and the second region.

The method of claim 6, wherein if the terminal re-
ceives a message configured to simultaneously
transmit V2X signals through the first carrier and the
third carrier, the V2X signal is transmitted through
the first carrier and thereafter the TX chain changes,
and the V2X signal is transmitted through the third
carrier.

The method of claim 6, wherein if the terminal re-
ceives a message configured to simultaneously re-
ceive V2X signals through the first carrier and the
third carrier, the V2X signal is received through the
first carrier and thereafter the RX chain changes, and
the V2X signal is received through the third carrier.

The method of claim 1, further comprising, if com-
plexity of a carrier on which the terminal performs a
V2X signal TX operation is greater than or equal to
a threshold, receiving a message for instructing to
perform the V2X signal TX operation on a different
carrier.

The method of claim 9, wherein upon receiving the
message, the terminal performs the V2X signal TX
operation on the different carrier.

The method of claim 1, wherein upon detecting that
a different terminal is transmitting a V2X signal,
which has a higher priority than the V2X signal of the
specific carrier, on the different carrier while the ter-
minal is receiving the V2X signal in a specific carrier,
a V2X signal having a higher priority is received on
the different carrier after RX chain switching.

A terminal for transmitting and receiving a vehicle-
to-everything (V2X) signal, the terminal comprising:

a radio frequency (RF) unit transmitting and re-
ceiving a radio signal; and

a processor operably coupled to the RF unit,
wherein the processor is configured to:

transmit/receive a V2X control signal
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through a first carrier configured commonly
in a first region and a second region; and

transmit/receive V2X data throughasecond
carrier configured in the first region and a
third carrier configured in the second region.
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FIG. 1
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FIG. 2
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FIG. 3
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FIG. 7

(START)

Y

transmit/receive V2X control signal (and/or
V2X data) through first carrier configured
commonly in first region and second region

—~S110

Y

transmit/receive V2X data through second
carrier configured in first region or
third carrier configured in second region

—S5120

Y

(END )
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FIG. 9

(START)

Y

determine whether it is located at boundary

of first region and second region ——5210

Y

transmit/receive V2X signal by using carrier

configured in different region other than
region to which UE belongs, when it is located
at boundary of first region and second region

——S220

Y

(END )
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FIG. 10

(START)

Y

receive message for configuring simultaneous
signal TX/RX by ‘limited capability V2X entity’
located in first region through first carrier
configured in first region and second carrier
configured in second region

——S5310

Y

perform TX/RX chain switching after
performing signal TX/RX on first carrier
configured in first region

——S5320

Y

perform signal TX/RX on second carrier
configured in second region

——S5330

Y

(END )
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FIG. 12

(START)

Y

receive message instructing to perform
V2X data message TX operation from a serving BS
through carrier configured in different region
other than region in which UE is located

—S410

Y

perform TX chain switching after transmitting

signal on first carrier configured in first region ——5420

Y

perform signal TX on second carrier

configured in second region ——5430

Y

(END )
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FIG. 14

(START)

Y

receive V2X message on first carrier by
V2X entity (UE) having limited RX capability [~—>°10

Y

detect that different V2X entity transmits V2X

message of higher priority on second carrier 5520

Y

receive V2X message transmitted
by different V2X entity on second carrier,
after RX chain switchin

——S5530

Y

(END )
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FIG. 16
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